1. Zinc, copper, iron, protein and energy intakes of 232 lactating women (consuming self-selected diets during the first 3 months post-partum) were computed from food intake values obtained using a 3 d dietary-recall method. Non-pregnant, non-lactating women (100) served as controls. Blood samples of subjects were also analysed for packed cell volume and haemoglobin concentrations as well as for plasma Zn, Cu and Fe levels by atomic absorption spectrophotometry.
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C. M. F. MBOFUNG A N D T. ATINMO a low socio-economic environment, are meeting their dietary requirements for these nutrients. A report of growth performance of Nigerian infants entirely breast-fed during the first 3 months (Omololu et al. 1981) suggests that breast milk is adequate in quantity and quality during this period. This may imply either that maternal dietary intake levels of these nutrients together with other nutrients are adequate or that, where dietary levels are insufficient, there is increased absorption or that maternal tissues and stores are depleted in favour of milk synthesis. In the latter case it is speculated that maternal stores and physiological levels of these nutrients may be low. The exact effect of lactation on physiological levels of these trace elements in Nigerians has not previously been reported.
The purpose of the present study was to determine the plasma and dietary Zn, Cu and Fe levels of lactating Nigerian women during the first 3 months of lactation and to characterize the relation between the dietary intake and blood plasma levels as well as to examine the influence of such factors as lactational age and maternal nutritional status on the distribution of dietary and plasma levels of these nutrients.
EXPERIMENTAL

Study area and subjects
Subjects for the study were recruited at the Adeoyo State Hospital, situated in the indigenous area of the city of Ibadan. The study population consisted of 232 lactating mother and child pairs all of a low socio-economic class, randomly selected from groups of mothers who had just given birth or who had come for postnatal clinics with their babies. The selection exercise was guided by certain factors: only mother and child pairs who were healthy (as judged by the physician from a detailed clinical examination) and also willing to co-operate in the study were selected. In addition, the mothers had to be those who intended entirely to breast-feed their babies during the first 3 months of lactation. Mothers were fully briefed on the objectives of the study and were informed that they would receive no special benefits as a result of the study. However, subjects had the privilege of early attention from the paediatrician on all visits to the postnatal immunization clinic. Non-pregnant, non-lactating women (100) of comparable age and socio-economic group were used as the control group for the lactating mothers.
Anthropometric measurements
Mothers and their infants were seen at the 4th week post-partum and at weeks 8 or 12, or both, post-partum. At each visit, measurements of height, weight and arm circumference of mothers, and the weight, length and head circumference of the babies were taken according to the methods of Jelliffe (1966) .
Collection and analysis of blood samples
Mothers were advised to come to the clinic after fasting. Between 09.00 and 11 .OO hours, when each subject was fully rested and seated, about 10-15 ml blood were collected from the antecubital vein with minimum stasis using stainless-steel and non-pyrogenic needles fitted to disposable and metal-free plastic syringes. The blood was put into labelled heparinized tubes and subsequently centrifuged and the plasma collected and stored in polyethylene vials at -20" until required for analysis. A small portion of each of the blood samples collected was used for packed cell volume and haemoglobin determination. Haemoglobin was analysed by the cyanmethaemoglobin reaction (International Committee for StandardizationinHaematology, 1967) . Plasmaalbumin wasanalysed by the bromocresol method (McPherson & Everard, 1972) . The accuracy of analysis for plasma albumin was assessed using control sera (Welcontrol normal bovine; Wellcome Foundation Ltd, Bexleyheath, Kent).
Plasma Zn, Cu and Fe concentrations were determined by atomic absorption spectrophotometry using a Perkin-Elmer Model 403 atomic absorption spectrophotometer (PerkinElmer Corp., Norwalk, Conn. USA) fitted with a 100 mm flat-head burner. Each plasma sample was analysed for Zn in duplicate following a 1 : 3 dilution with glycerol-de-ionized water (5:95, v/v) (Butrimovitz, 1977) . Samples for Cu and Fe analysis were diluted 1:2 with glycerol-de-ionized water (5:95, v/v) (Zaino, 1967) . For each batch of analysis the diluent was used in setting the base-line reading of the instrument while the instrument was standardized with working standard solutions prepared by diluting specific volumes of stock samples (obtained as zinc nitrate, product no. 14150; ferric nitrate, product no. 14140; and cupric nitrate, product no. 14139 from BDH Chemicals Ltd, Poole, Dorset) to appropriate known concentrations.
To avoid the contamination of samples during the analytical process, all containers were soaked in acid overnight, rinsed with distilled and de-ionized water before washing with metal-free detergent (Decon 75; Gallenkamp Co. Ltd, London) in 0.1 M-EDTA. The containers were then rinsed with copious amounts of glass-distilled and de-ionized water and oven dried at 70". Containers so treated were metal-free as distilled, de-ionized water rinsings from them did not show any trace of minerals.
In order to monitor the accuracy and precision of the method of analysis, specific volumes of standard control sera obtained from the US Center for Disease Control were diluted in the same way as the test samples for each batch of analyses. Analyses of such treated standard sera for Zn, Cu and Fe during each batch gave an average of 95, 93 and 94% respectively of the reference values.
Assessment of daily dietary intake
The meal patterns of the subjects were similar to those described by Abakada & Hussain (1980) . The daily dietary intake of each subject was carefully assessed by the same person on three different occasions by means of a pre-tested and standardized 24 h dietary-recall method. Duplicate samples of foods and meals identical to those consumed by subjects were collected from the homes of subjects or bought from the same food vendors from whom subjects were in the habit of buying their food. Such samples were homogenized, adding distilled and de-ionized water where necessary, and dried and later pulverized to a fine powder using a mechanical grinder with steel blades (Moulinex Model 531). Trace elements in sub-samples of the food items were determined using solutions of ashed samples by atomic absorption spectrophotometry (dry-ashing at 450" for 4 h). The accuracy of the process was determined by use of standard reference material (SRM 1568, rice flour) obtained from the US National Bureau of Standards. Such analysis provided results within a minimum of 94% of the reference value in each case. All glassware and containers used had been thoroughly washed in acid and rinsed several times in glass-distilled and de-ionized water. Sub-samples of the food were also analysed for total protein content by the microKjeldah1 technique using a Technicon AutoAnalyzer (Technicon Instruments Co. Ltd, Basingstoke). The total energy content of the individual samples was determined by bomb calorimetry using a ballistic bomb calorimeter (model CB-370, Gallenkamp Co. Ltd). Food intake values were converted into nutrient intake values using the results of the chemical analyses of sub-samples of food.
Statistical treatment of results
Conventional statistical methods as contained in BMDP computer package (BMDP, 1979) were used in the statistical treatment of values obtained. Regression coefficients and t values were considered as statistically significant for values of P < 0.05. 
R E S U L T S
The mean values of plasma Zn, Cu, Fe and albumin concentration as well as the mean values for haemoglobin status are presented in Table 1 along with values obtained from the non-pregnant, non-lactating controls. In all cases, the mean values for lactating mothers were significantly (P < 0.05) different from those of the control group. Frequency distributions of plasma Zn, Fe and Cu concentrations of the lactating mothers during the first 3 months of lactation are shown in Fig. 1 . Plasma Zn concentrations ranged between 360 and SOOpg/l while those for Cu ranged from 990 to 1950,ug/l and Fe from 350 to 980 ,ug/l. Of the 232 lactating mothers studied, 11.9% had a plasma Zn concentration of less than 500 ,ug/l, while only 3.2% had a plasma Zn concentration greater than 700 ,ug/l. More than 28% of plasma Cu values were higher than 1300 yg/l while about 20% fell between 990 and 1180 ,ug/l. As for plasma Fe concentrations, more than 45% of the individual values were below 600 ,ug/l.
The effect of the stage of lactation on the distribution of plasma trace elements and other biochemical variables was examined using one-way analysis of variance of the values obtained at the 4th, 8th and 12th weeks of lactation. The results (Table 2 ) indicate a significant variation in the distribution of plasma levels of each of the variables at the different stages of lactation.
A significant correlation was observed between stage of lactation and each of the following:plasmaZn(r 0.19, P < 0.05),plasmaCu(r -0.36, P <O.OOl),plasmaFe(r 0.15, P <0.02), albumin (r 0.13, P < 0.01). Paired t test analysis (Table 3 ) of measurements of haemoglobin status, packed cell volume and albumin levels as well as body-weight, arm circumference and triceps skinfold thickness taken at the 4th and 12th weeks of lactation in the same individuals showed several significant differences. As much as 10% of skinfold thickness measured at the 4th week of lactation was lost by the 12th week of lactation. Similar analysis carried out on only ten women in the control group during the 4th and 12th weeks showed no significant changes.
Nutrient intake. The mean daily Zn, Cu, Fe (mg), energy (MJ) and protein (g) intakes Table 1 . Concentrations of plasma trace elements, albumin and haemoglobin and a n t~r o~o m e~r i c measurements of Nigerian women during the first 3 months of lactation * Controls were non-pregnant, non-lactating women of comparable age to the lactating women.
Values for lactating women expressed as a percentage of those for non-pregnant, non-lactating women (controls). WHO (1973) . Fe intake was computed from the WHO (1970) recommendations assuming that 10% of energy intake was of animal origin. Although no RDA has been set for Cu intake by lactating women, the estimate of 50 pg/kg body-weight set by WHO (1973) for men was assumed to apply to women and 4 pg was estimated as the additional amount required for the process of lactation. The RDA for energy was based on body-weight and estimated using the recommendations of the F A 0 (1957) and also making an allowance of 2.09 MJ for lactation, while dietary protein requirements were computed assuming a protein quality with a net protein utilization of 60% and making an additional allowance of 28 g for lactation according to FAO/WHO (1973) . The distribution of daily dietary trace element intake is shown in Fig. 2 . Daily Zn intake ranged between 5.0 and 13.0 mg with more than 55% of the individual intakes falling below 9.0 mg. Only about 9.5% of the study population consumed diets with a Zn content in excess Table 5 . Generally there was a high correlation ( P < 0.0001) between the different nutrients. In particular, there was a high correlation between protein intake level and level of intake of Zn (r 0.65), Fe (r and Cu ( r 0.41).
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Correlations between dietary and plasma trace elements (Table 6 ) were significant in the case of Zn (v 0.26, P < 0-0001) and Fe (r 0-17, P < 0.05). The relation between dietary protein and plasma Zn was positive and significant; the same was true in the case of plasma Fe. The haemoglobin levels of individuals were taken as an index of their nutritional status and the subjects were divided into three groups based on their haemoglobin status: group 1, < 99.9 g/1 (low); group 2, 100.0-109.9 g/1 (moderate); group 3, 2 110.0 g/1 (normal) (see Table 7 ). Of the subjects, 21 % were in the low group, 35% in the moderate group and 44% in the normal group. Dietary nutrient intake according to these groupings showed significant variations only with respect to dietary Fe ( F 3.90, P < 0.02). Plasma Zn, Cu and Fe levels, however, showed significant variations in their distribution according to the different groups.
Growth performances of the entirely breast-fed infants are shown in Table 8 . Only 191 children (with accurately known birth weight, length and head circumference measurements) were studied. All the infants showed significant and satisfactory increases in all measurements by the 12th week post-partum. The fastest changes were evident in the body-weight measurements, which changed at an average rate per week of 7.0% of that at birth.
DISCUSSION
Recent reports in the literature indicate that the plasma Zn levels of pregnant Nigerian women (Atinmo el al. 1980) , like those of their counterparts elsewhere (Halsted et al. 1968; Hambidge & Droegmueller, 1974; Schraer & Calloway, 1974; Jameson, 1976) , are usually significantly lower than those of non-pregnant, non-lactating women. The present study further indicates that up to the 3rd month post-partum, the plasma levels of Zn and of Fe in lactating Nigerian women entirely breast-feeding their babies are, relatively, still lower than those of non-pregnant, non-lactating women. This observation is, however, different from that of Moser & Reynolds (1983) who studied twenty-three well-nourished American women. Two factors commonly associated with low plasma levels of these nutrients in pregnancy are the physiological increase in blood volume and the change in the hormonal profile of the blood. It is, however, known that in lactation, blood volume as well as blood oestrogen levels return to normal shortly after parturition (Halsted et al. 1968) . While the observation of a significant positive correlation between plasma trace element concentration and the duration of lactation may suggest the effect of post-partum changes in blood and hormonal levels, the relatively low plasma levels of the different trace elements at the 12th week of lactation infer that other influencing factors may be important. Considering the fact that these mothers were entirely breast-feeding their babies, the stress of lactation might have been a contributory factor to the persistently low plasma Zn levels during the first 3 months post-partum. This view is supported by results of studies which indicate that stress to normal animals is accompanied by a reduction in plasma Zn concentration (Weinberg, 1974; Chesters & Will, 1981) . In fact, as observed by Chesters & Will (1981), the effects of stress to normal animals can result in a reduction of plasma Zn concentration comparable with that associated with dietary Zn deficiency. Contrary to our present observations, Moser & Reynolds (1983) , in a study on lactating American women, reported higher plasma Zn levels which were not significantly different from those of a control group (consisting of women who had just given birth to babies but were not lactating) during the first 6 months post-partum. Although that study involved lactating women, it was not clear from the information given to what extent breast milk constituted the food intake of their babies during the study period. That the stress of lactation is greater in a woman entirely breast-feeding her baby than in one who includes supplements to breast-feeding cannot be denied. In addition, the subjects in that study were better nourished in respect of Zn and especially protein intake. Blood loss at parturition is common and certainly reduces the total plasma Zn and Fe in the circulation and thus could also be regarded as a contributory factor to the observed low levels.
Plasma Cu levels were, on average, higher in lactating subjects than in the controls. This may be due to the fact that plasma Cu is usually raised in pregnancy (Mason, 1979) and takes some time to fall back to normal levels post-partum. While reports in the literature suggest that the fall in plasma Cu levels post-partum may take less than 1 month (Nielsen, 1944) , the present results seem to suggest that the duration of the fall may be longer in Nigerians entirely breast-feeding their young. Classically, the fall in plasma Cu levels following delivery may be explained by the occurrence of such physiological adjustments as the cessation in the production of the oestrogenic stimuli for the synthesis of caeruloplasmin (the major form in which Cu is carried in the blood). Oestrogen levels were not measured in the present subjects and thus the exact extent of influence of this hormone on the observed plasma Cu levels is not known. On the other hand, since stress conditions have been reported to give rise to high serum Cu levels (Beisel & Pekarek, 1972) it is likely, also, that the high stress of lactation (especially in the circumstances of the present study where infants were being entirely breast-fed) may be a contributory factor influencing the fall in plasma Cu levels post-partum.
The observed mean dietary Zn intake of 8.2 mg/d was much higher than the value of 6.8 mg/d reported earlier for a group of four rural Nigerian women of undefined lactating age . The values were, however, lower than that of 11.2 mg/d reported by Geissler et al. (1978) for lactating Iranian women from a low socio-economic group and that of 13.7 mg/d reported for lactating Finnish women in the 6th and 8th weeks of lactation (Vuori et al. 1980) . The values were also lower than those of 9.4 and 12.8 mg/d for American women in the 1st and 3rd months of lactation respectively (Moser & Reynolds, 1983) . Although the dietary Zn intake of lactating mothers was higher than that of the non-lactating, non-pregnant group, it was significantly lower than the recommended dietary intake level of 28.0 mg/d. The observed levels of intake thus confirm earlier speculation that lactating mothers in this environment consume marginal to deficient levels of dietary Zn when compared with the RDA . In agreement with earlier observations Hunt et al. 1979; Anderson et al. 1981; Gibson & Scythes, 1982) , Zn was highly correlated with protein (r 0.65) in the diet. The correlation between dietary and plasma Zn levels suggests that individuals on high Zn intake levels (by implication, well-nourished individuals) had high plasma Zn levels. Reports of plasma Zn levels of lactating American women consuming much larger amounts of Zn (12-8 mg/d) and protein (86 g/d) than those in the present study suggest this kind of relation (Moser & Reynolds, 1983) . In the study by Moser & Reynolds (1983) , plasma Zn levels of the lactating women were higher than those in the present study (876 v. 684 pg/l) in the 3rd month post-partum.
The results of the present study also tend to confirm earlier speculation that most daily intakes of Cu by rural Nigerian women are low (Mbofung & Atinmo, 1982) . The mean Cu intake of 1.6 mg/d for the lactating mothers fell below the range of values for daily Cu intakes (1.7-2.4 mg/d) from self-selected western diets (Waslien, 1976 (Underwood, 1971) and, where infants are given Cu-deficient milk, they exhibit symptoms of anaemia, neutropenia, skeletal and connective tissue changes (Underwood, 197 1) . Although corresponding human studies have not been widely reported, the importance of adequate Cu intake during lactation is implied.
The mean Fe intake (29.0mg/d) of the lactating mothers was very similar to levels reported by Abakada & Hussain (1980) . Most diets in Nigeria are high in Fe content. One issue that has not yet been investigated here, however, is the availability of the dietary Fe in the process of absorption. The analysis of dietary information according to groups based on nutritional status as indexed by haemoglobin levels indicated a significant variation in Fe intake of the different groups. Although the Fe intake in the group of low haemoglobin status was as high as 27.0 mg/d, the mean haemoglobin level was only 9.0 g/l; this may have been due to poor bioavailability of ingested Fe. Analysis of plasma trace elements, on the other hand, indicated that subjects with low haemoglobin (low nutritional status) had equally low plasma Zn, Cu and Fe levels. While the importance of these three elements in the metabolism of haemoglobin has been reported in the literature (Mason, 1979) , evidence from studies in Niger by Murray et al. (1978) shows that the serum Fe status of breast-fed infants as well as the concentration of Fe in breast milk are independent of the Fe status of the mother.
In agreement with the observations of Hambidge et al. (1983) , Zn and Fe intakes were both significantly correlated with protein and energy intakes. A similar relation was observed for Cu, energy and protein. Furthermore, the observation of a significant correlation between dietary and plasma Zn and Fe suggests that improved dietary intake leads to higher plasma levels of those nutrients. In looking at these relations, it is worthwhile to note that in studies of this nature the interpretation of the correlation between plasma and dietary levels of any nutrient can at best be speculative since factors other than diet (such as relative availability from body stores and the effect of milk synthesis) influence plasma levels. This probably explains the low correlation obtained and hence the fact that only about 6.8 % (r2 0.068) of plasma Zn levels and less than 3 % of plasma Fe levels (r2 0.029) can be attributed directly to dietary levels of the respective nutrients. Despite the apparently low levels of trace element intake, evidence from studies on the Fe status of Niger mothers and their infants show that the breast-milk Fe content of lactating mothers is independent of their Fe status (Murray et al. 1978) and that infants entirely breast-fed were observed to grow normally. This observation is in agreement with other reports (Jackson et al. 1964; Omololu et al. 1981) . In lactation the maternal body probably has an enhanced and efficient mechanism for the absorption and utilization of trace elements in milk synthesis. On the other hand, the adequacy of lactation as indexed by the growth of the infant and the occurrence of low plasma trace element levels during lactation tends to suggest that milk biosynthesis has a priority in the distribution of circulating plasma trace elements. Furthermore, it appears that in a situation where dietary nutrient intakes are low and mothers are entirely breast-feeding their young, the stress of lactation seems to be accompanied by low plasma Zn and Fe and high plasma Cu levels. This needs further investigation. Also, there is a need to determine the efficiency of trace element utilization during human lactation. Information from such studies will be useful in the reassessment or calculation of RDA for the different trace elements.
